INTRODUCTION
Human keratinocytes are constantly renewed and replaced by a population of keratinocyte stem cells (KSC) located in the basal layer of the epidermis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . KSCs are responsible for the maintenance of skin cell homeostasis, and are believed to be resistant to noxious environmental stimuli; they give rise to fast-dividing transient amplifying cells (TAC) committed to terminal differentiation, while retaining their self-renewal capacity [1] [2] [3] [4] [5] [6] [7] . Although α6 integrin, β1 integrin, and p63 have been reported as markers for KSCs, FACS using these markers has not provided practical yields of viable KSCs [6] [7] [8] [9] [10] . An adhesion method has been developed using the rapid adhesiveness of KSCs to collagen type IV, fibronectin and extacellular matrix [4] [5] [6] 9, 10 and has been assessed using many different methods of varying sensitivity, complexity and time 4, 5 .
Kim et al. 9 in 2004, suggested that rapid adhering (R.A.) cells in the adhesion assay represented KSCs and therefore, this assay could be used to isolate KSCs. Our previous work using this adhesion assay 10 showed that R.A.
cells had the characteristics of KSCs including a small number of cells with undifferentiated morphology, and a stronger expression of α6 integrin, β1 integrin, β catenin and p63 10, 11 . The goal of this study was to use the adhesion assay and annealing control primer based differentially displayed polymerase chain reaction (PCR) to further characterize the KSCs. We evaluated whether the ad-hesion assay showed a marked difference in some of the important characteristics of rapid adhering cells compared to non adhering cells by differentially expressed genes (DEGs) 12, 13 . Subsequent Western blot analysis was used to confirm the differences observed.
MATERIALS AND METHODS

Culture of normal human keratinocytes and adhesion assay
Primary cultures with keratinocytes from three different tonsilar tissues were established. The keratinocytes were cultured in keratinocyte growth medium (Cambrex, Walkersville, MD, USA) as previously described 14 . The third passaged cells were placed in human collagen type IV (Sigma-Aldrich, St. Louis, MO, USA) coated dishes and incubated for 10 min as previously described 10 . Rapidly adhering (R.A.) cells 9, 15 were collected after vigorous washing and considered to be KSC fractions. After 90 min, suspended (non adhering, N.A.) 9 cells were collected and considered to be TAC fractions that were post-mitotic differentiated cells 10 . 
Annealing control primer (ACP)-based polymerase chain reaction (PCR)
RESULTS
ACP-based PCR for rapid adhering (R.A.) and non adhering (N.A.) cells
The products separated for the DEGs on agarose gels showed 10 different cDNA bands (C1-C10) by hatched blastocyst-specific expression ( Table 1 (mitochondrion), C2 (mitochondrion), C5 (mitochondrion) and C8 (mitochondrial DNA). In addition, C7 (S100 calcium binding protein A8) and C9 (nitric oxide synthase interacting protein) also differed in the DEG clones. However, C6 was not significantly different by sequence comparison.
Western blotting
Western blot analysis showed that S100 calcium binding protein A8 showed no difference in the protein expression when R.A. and N.A. cells were compared. Western blot analysis using antibodies associated with mitochondrial biogenesis showed that in all the samples with R.A. cells, the nuclear DNA (nDNA) encoded mitochondrial respiratory complex subunits; NDUFA9 of complex I and COX IV of complex IV were reduced compared to the N.A. cells (Fig. 1A) . The Mitochondrial DNA (mtDNA)-encoded COX I subunit of complex IV was reduced or equivocal. Interestingly other nDNA-encoded subunits of complex II (SDHA), III (UQCRC2), and V (ATP5A1) did not differ in their expression in repeated experiments. The Western blot analysis of peroxiredoxin isoforms showed that Prx 1, Prx 2, and Prx 4 were consistently reduced compared to the N.A. cells; however, the Prx 3 and Prx 5 expression did not differ (Fig. 1B) .
TMRE flow cytometry and confocal microscopy of mitochondria
The TMRE staining, representative of mitochondrial membrane potential showed that N.A. cells had stronger fluorescence by FACS ( Fig. 2A) . Mitotracker staining showed that the structure and content of mitochondria were not significantly different in the R.A. compared to the N.A. cells (Fig. 2B) . which contains distinct 3'-and 5'-end regions separated by a regulator, and the interaction of each portion of this primer during two-stage PCR 12, 13 . This system facilitates the identification of DEGs from small samples without generating false positive results 13 .
The results of the experiments showed differences between R.A. and N.A. cells in mitochondria-related gene expression. The results showed that mitochondrial complex I, COX IV, Prx 1, Prx 2, Prx 4 and the mitochondrial membrane potential were low in the R.A. cells compared to the N.A. cells. These consistent differences confirmed that this adhesion assay is useful for the isolation of KSCs. Mitochondria are the major generators of cellular adenosine tri-phosphate (ATP) through oxidative phosphorylation 16, 17 . In addition, mitochondria are critical to both apoptosis and necrosis 17 . The resistance of KSC's to damaging environmental stimuli 10 may in part be due to the low activity of mitochondria. Similarly, human hematopoietic stem cells have low amounts of mitochondrial respiratory chain complexes and poor oxidative phosphorylation 16 . The Low activity of mitochondria in R.A. cells may be related to low ROS generation in KSCs. Induction of mitogenic signaling causes the formation of ROS, which can also cause mitogenic stimulation 18 . Thus low function or less differentiation of mitochondria may make KSCs, under stable conditions, divide slowly. In addition, mitochondrial dysfunction has been reported in human colon stem cells 19 . Furthermore, another report showed that pathogenic mutations in the mitochondrial genome contributed to the promotion of cancer by preventing apoptosis 20 ; stem cells share with cancer cells the ability to escape from apoptosis 21 .
The results of this study showed that Prx 1, Prx 2, and Prx 4 were low in the KSCs compared to the TACs. Prx is known to protect cells and tissues from oxidative damage by removing toxic hydrogen peroxide 18, 22, 23 . Previously, Prx 1 and Prx 2 were found to have low levels of expression in undifferentiated human embryonic stem cells (ESCs) and increased levels in differentiated cells [23] [24] [25] . The role of Prx 4 is not well known. A prior study showed that the mitochondrial mass was almost absent in the undifferentiated ESCs and dramatically appeared as differentiation progressed 23 . In our study, a functional decrement, rather than a decreased amount, of mitochondria in the R.A. cells was observed; since mitotracker staining was stained regardless of the membrane potential. Reduction of complex I, a coordinator of other complexes [25] [26] [27] , in the R.A. cells, suggests that the general mitochondrial complex activity was decreased in the KSC fraction. Complex IV includes the mitochondria-encoded enzymes, COX subunit I and subunit IV 27 ; therefore, reduction of components of complex IV in the R.A. cells may also support the low mitochondrial activity in the KSCs. In comparison to the N.A. cell population, the R.A. cells exhibit lower levels of aerobic respiration-related proteins. R.A. cells may be less susceptible to oxidative damage. Taken together, our results suggest that reduced mitochondrial biogenesis may be a characteristic of KSCs. However, additional studies are needed to confirm this possibility.
